Annihilatonin B — M{M,

Zoltan Ligeti
Capri, May 30, 2006

® Introduction

® SCET and the “zero-bin”
A new approach to factorization
[Manohar & Stewart hep-ph/0605001]

® Factorization for weak annihilation

[Arnesen, ZL, Rothstein, Stewart, hep-ph/0606nnn]j




Motivation

® Many observables sensitive to NP — can we disentangle from hadronic physics?
— B — mw, K7 branching ratios and C'P asymmetries (related to «, v in SM)
— Transverse polarization in charmless B — V'V decays

— « from B — 7w using SCET vs. o from CKM fit

Dozens, if not hundreds of papers... (20-type effects at present)

® Various power suppressed contributions to amplitudes have been argued to be
large, and often described by complex parameters

E.g., “annihilation” and “chirally enhanced” terms

® First derive correct expansion in mp > Aqcp limit, then worry about predictions
Pgl ~ 1 GeV)

— Sometimes model dependent additional inputs needed

— Need to test accuracy of expansion (even in B — 7,
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Charmless B — MM, (a month ago)

® Some (dis)agreements about implications of heavy quark limit ﬁ 2

[Bauer, Pirjol, Rothstein, Stewart; Chay, Kim; Beneke, Buchalla, Neubert, Sachrajda] AN
p*.Q? \\\ %/
BM S S
A — ACE —|_ N |:fM2 C 1/du TQC(/U/) ¢M2('U/) @Jﬂgygpmpg%???

2 O
§‘)9‘)9%‘ $
$

%,
2
%

+ i [dzduas(u,2) @) dan() + (1o 2)| W4

(27
P2~/\2 [)2~QA p2~A2

® (" = [dadk, J(z, =, ki) dur, (x) pu(k.) also appears in B — M; form factors

= Relations to semileptonic decays do not require expansion in a(y/AQ)
® Charm penguins: suppression of long distance part argued, not proven

Lore: “charming penguins”, “long distance charm loops”, “D D rescattering”
all related (unknown) physics, could yield strong phases, etc. [Ciuchini et al.; ...

® SCET: fit both ('s and (;’s, calculate T’s; QCDF: fit (s, use factorization to cal-
culate {5 ~ ¢pop; PQCD: £, dependent soft form factor is suppressed
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SCET & zero-bin




HQET vs. SCET |

® HQET: nonperturbative interactions do not change four-velocity of heavy quark

p, = mpvt + k* — once we fix v, superselection rule; v label, k residual momenta

b(x) = 32, e [H(1+¢) b () +5(1 — ) b () ]
large small

® SCET: light-cone momentum of collinear partons change via O(1) interactions

Collinear quark in n direction: p— = n-pand p, are ) 0 ,
labels, but no superselection rule (label conserv.) : . . . .
p" = 3(A-p)n'+p+i(np)a”, n*=a>=0, nn =2 le -« | » . .
. ~ ° p ° ° °
Y(x) = 30, e P [t () +5700h En () ] 7. : :
large small p+ -
L, .
® P

~

ZL —p.3 /\l A
N




Minimal SCET detalls

® Effective theory for processes involving energetic hadrons, £ > A

[Bauer, Fleming, Luke, Pirjol, Stewart, + ...]

Introduce distinct fields for relevant degrees of freedom, power counting in A

modes fields p=(+,—1) p° SCET:: A = /A/E —jets (m~AE)

collinear &, ,, A/;,q E(M\,1,)) F2)2
soft qq, A" E(X\ X N) E2)\2 SCET: A = A/E — hadrons (mNA)
q» s A

usoft qus, A, EZ,A%,0%)  E2\* Match QCD — SCET; — SCET

® Can decouple ultrasoft gluons from collinear Lagrangian at leading order in A
Enp = Yn 57(7,(,)1)9 Anqg=Y, Aq(»% YT Y, = Pexp [ig ffoo dsn - Aus(ns)]
Nonperturbative usoft effects made explicit through factors of Y,, in operators

New symmetries: collinear / soft gauge invariance

® (B — D’]T, Wfﬂ) [Bauer, Pirjol, Stewart]
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Modes, overcounting, zero-bin

® |n a Wilsonian OPE, in the sense of scale separation, everything has to factorize

May be difficult to see with continuum methods, factored objects can be compli-
cated; e.g., strong phase in factorization for B — D™)OMY decay  vany, pidol, stewart

® Often have to sum over collinear fields’ labels and integrate over residual momenta
0

Z /dk — /dp sum excludes zero-bin (p = 0), where : :
physics is described by soft mode QT;L <.
} . P
Straightforward with hard cutoff, but less so in continuum e
(want to use dim. reg., etc.) " =

p-

® MS explained how to add and subtract zero-bin to make computations convenient

and avoid double countin
vo! . Hntng: > /dk_>/dp—</dk>

labels£0 p=0
[Manohar & Stewart, hep-ph/0605001]
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MS (zero-bin) factorization in SCET

® |R divergencies in perturbation theory cancel or cut off by nonperturbative physics

When several fields describe same particle, special care to avoid double counting

® Modes and momentum regions in SCETy;

P~ A . . :
n = Aqcp/Q Possible double counting: zero-bin of
Qﬂo | on collinear modes described by soft fields
|
: The ¢,, s, c, modes have comparable
N invariant masses, but only interact via
|
on 7 larger p2 modes (“rapidity gaps”)
o Distinguish between modes by p~/p™
0 | — | > . and keep boost inversion symmetry
an On QTIO P
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Semileptonic B — m (p) form factors

® Old issues: endpoint singularities, Sudakov effects, etc. P-0%
. . . J%g\mmmg%?y ¥ . W
At leading order in A/Q, to all orders in «, form factors §999»%§
. . %K)&) NS
for ¢> < m% written as (Q = E, m;; omit u-dep’s) A & L A
[Beneke & Feldmann; Bauer, Pirjol, Stewart; Becher, Hill, Lange, Neubert] pr~ A2 P2~ 0OA pr A2

mpfefum
4?2

F(Q) = Cu(Q) G(Q) + dzdzdry T'(z, Q) J(z, 2,74, Q) dm(x)Pp(r+)
Matrix elements of distinct [d*z T'[.J(™)(0) L‘,g“) (z)] terms (turn spectator g,s — &)

® Symmetry: first term obeys form factor relations (10 = 3 universal fn's) [charles et al]

Relative size? SCET: 1st~2nd QCDF: 2nd ~ ag4x(1st) PQCD: 1st~ 0

® Zero-bin factorization: ((Q) ~ Jij(x, 2, k) ® ¢ (21) ¢ (k)

= Ck formally contains ozs(,uz-), jUSt like second term [Manohar & Stewart, hep-ph/0605001]
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Charmless B decays




Charmless B — M, M, decays

® BBNS (QCDF) factorization proposal:

(r|O4|B) ~ Fpr T'(2) ® ¢r(z) + T(§,2,y) ® ¢B(§) ® ¢r(2) @ ¢ (y)
The KLS (pQCD) formulae involve only ¢z, ¢, ¢ar,, With k; dependence

® SCET: (rn|Oi|B) ~ ¥, T'(z,y) ® [Jij(:c,zk,kj) ® ¢ (2k) cb?g(kj)} ® ¢ (y)

® Weak annihilation (WA) gives power suppressed (A/F) corrections
n |
n
Yields convolution integrals of the form: /01 i—f dr(x), ¢r(x) ~ 62(1 — )

® BBNS: interpret as IR sensitivity = modelled by complex parameters

KLS: rendered finite by k&, but sizable and complex contributions
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Subtractions for divergent convolutions

® Choose interpolating field for pion to be made of collinear quarks (p;” # 0)
(7 0|4y, = Y5 d,, = |0) = —ifx 6(70 - px — Py — Py) P21, 2, 1)
Zero-bin: p;” # 0 (collinear quark with p,” = 0 is not a collinear quark)

Divergence in fol o~ (x)/2? related to one of the quarks becoming soft near z = 0

® Zero-bin ensures there is no contribution from z; = p, /(7 - pr) ~ 0

Subtractions implied by zero-bin depend on the singularity of integrals, e.g.:

1 1 _ / .
/dxi%(a},u) N /dx $r(x, 1) — x 97 (0, p) +6(0, 1) In (n m)
0 x? 0 v

T2
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Weak annihilation

® Match onto six-quark operators of the form (only hard contributions, no jet scale):

ol -

[d P b } [un wol 7 dn wg] [qn wlF Up, w4] [Arnesen, ZL, Rothstein, Stewart]

glves fB minn direction 7 in n direction

Similar to leading order contributions to the amplitude

® At leading nonvanishing order in A/m; and as:
— Real, because there is no way for these matrix elements to be complex

— Calculable, and do not introduce nonperturbative inputs beyond those that
occur in leading order factorization formula

® Constrain parameters in QCDF and pQCD to be real, which have been taken to
be complex = fewer unknowns

® Can try to disentangle charm penguin amplitudes from weak annihilation, etc.
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“Chirally enhanced” terms

® Terms proportional to m2 /(m., +mg) or m% /(m.+ms) (from using the Dirac eq.)
Isolating these terms relies on assumptions about three-body wave functions

® Can be understood in SCETy; as operators with a P, between collinear quarks
I, @Ty®T,P]

® Chirally enhanced WA power suppressed (compared to leading WA) and depends
on the intermediate jet scale

Can indeed cause some transverse polarizationin B — VV

Real at leading order (same holds for chirally enhanced hard scattering)
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Conclusions

® Theory of charmless two-body decays continues to develop rapidly

® Zero-bin factorization = no divergent convolutions
Annihilation and “chirally enhanced” terms are calculable and real

® More work & experience with data needed to understand behavior of expansions
Why some predictions work at <$10% level, while others receive 2 30% corrections

® \\Ve have the tools to try to address the guestions

~
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Backup slides



B — D™z decays in SCET

® Decays to 7*: proven that A o« FB=P f_is the leading order prediction
Also holds in large N., works at 5—10% level, need precise data to test mechanism

B - DT~ B™ — D%~ B - Dtn~
B~ — D%~ B — D%x° B’ — D%x°

cl
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SCET: O(1) O(Aqcp/Q) O(Aqcp/Q) Q= {Exr,mp .}

B(B~ — DW™) data: ~ 1.8 4 0.2 (also for p)
— \ =14+ O(Aqen/Q) -
B(B? — D®+x—) = O(30%) power corrections

[Beneke, Buchalla, Neubert, Sachrajda; Bauer, Pirjol, Stewart]

B(B" — D°n% | 1 O(Agen/Q) data: ~ 1.1 40.25
B(BY — D*070) - QCD ’

® Predictions:

Unforeseen before SCET
[Mantry, Pirjol, Stewart]
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Color suppressed B — D®)0%x0 decays

® Single class of power suppressed SCET;

operators: 7{O©, cgl), L&)

[Mantry, Pirjol, Stewart] d

ADWOMO) = N [dz dz dkfdkf T (2) JD (2,2, kT k) SOl kD) dar(e) + ..

complex — nonpert. strong phase
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Color suppressed B — D®)0%x0 decays

® Single class of power suppressed SCET; i T —
operators: T{(’)((’),Eg),ﬁg?} ) P

[Mantry, Pirjol, Stewart] d e

ADM) = N [dzde dkfdky TV (2) IO (2, 2, k) k3 ) SOk, kD) dar(a) + ..

complex — nonpert. strong phase

® Not your garden variety factorization formula... S (k;", k37) know about n

SO (Lt k) = <DO(U/)|(BS)S) VXPL(SThE;b))(CZS)q ﬂPL(STu)kﬂBO(v))

mpmnp
Separates scales, allows to use HQS without E./m. = O(1) corrections

(¢ = 0, 8 above)
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Color suppressed B — D®)0%x0 decays

® Single class of power suppressed SCET;

operators: 7{O©, ﬁgl), [,g])}

[Mantry, Pirjol, Stewart]

b

d

ADM) = N [dzde dkfdky TV (2) IO (2, 2, k) k3 ) SOk, kD) dar(a) + ..

complex — nonpert. strong phase

® Ratios: the A = 1 relations follow from naive
factorization and heavy quark symmetry

The e = 1 relations do not — a prediction of

SCET not foreseen by model calculations

Also predict equal strong phases between
amplitudes to D™ in I = 1/2 and 3/2

Data: o(Dm) = (30+£5)°, d(D*m) = (31 £5)°

A(D*M)
A(D M)

2.0

1.5
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0.5

A color allowed

e color suppressed n'p’
I * O D)
R N+ L
n DOTCO DOn .|-
8 'R’ DM’ | %
: p’n~  Dpk” { %
| D'T” DK’ D+p'Dop_

SCET prediction
| [Blechman, Mantry, Stewart]
1 1 1 1 | 1 1 1 1 | 1 1
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Baryons: A, — A.mand X, m

® Factorization: holds for mg > Aqcp (notin large N.) multiplets s, (D)
2

DAy = Aer™) o (g(wgax)> Ac 0 o(L"
[(B® — D&Fr—)  \g(wd™) Se¥p 1 1GD).G3"

CDF: I'(Ay — ATn™)/T(BY - DTr™) =~ 2 %c(2455), %:(2520)

® Can’t address o | [Leibovich, ZL, Stewart, Wise]
In naive factor-

b c
Ay |d >< d(x,
ization, since ~—~ D
Ay — X, form factor
vanishes by isospin

O(Aqen/Q) O(Aqep/Q) O(A%cp/Q%)

F(Ab — Ez’ﬂ')

° T o 5em) 2+ Olhacn/Q. ax(@)

Can avoid 79s from A, — 20%%0 S A =79 or Ay — T 5 ArOn—
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